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@ Porous carbon electrode substrates for fuel cells. 

@ A porous carbon electrode substrate for a fuel cell, wtiich has (1) a porosity of from 50 to 80%. (2) a pore 
distribution rate of not less tiian 70%. where the pore distribution rate is the proportion (%) of the pore volume 
attributable to pores having a diameter of from 15 to 60 um relative to the total pore volume when the pore 
volume is measured by a mercury porosimeter, (3) a specific gas permeability of from 40 to 500 
ml/cm.hr.mmAq, (4) a volume resistivity of not greater than 20 mQ cm and (5) a themnal conductivity of not less 
than 8.37 KJ/m.hr. * C (2 kcalAn.hr. ' C). 
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POROUS CARBON ELECTRODE SUBSTRATES FOR FUEL CELLS 



The present invention concerns porous carbon electrode substrates for fuel cells and their preparation. 
As a process for producing a porous carbon plate, there has been known a method of Impregnating a 
sheet obtained from a mixture of organic fibers for carbon fibers and pulp by a paper making process with a 
solution of an organic polymer (binder) containing carbonaceous powder such as graphite or cart)on black 

5 suspended therein and then calcining and carbonizing the impregnated sheet (refer, for example to JP-A- 
61-236,664 (1986)}. There has further been known a method of impregnating a sheet obtained from a 
mixture of organic fibers for carbon fibers, pulp and carbon powder such as graphite or carbon black by a 
paper making process with a solution of an organic polymer (binder) and then calcining and cart>onizing the 
impregnated sheet (refer, for example, to JP-A-61 -236,665 (1986)). 

10 However, these known processes involve drawbacks that the processing is troublesome due to 
necessity of two steps, that is, a paper making step of preparing the sheet and a step of impregnating with 
the solution of organic polymer, the thickness of the resultant product is only of about 0.5 mm and, for 
example, in order to produce an electrode sut>strate for a fuel cell of 3 mm in thickness sixth sheets have to 
be stacked and pressed and, further, it is difficult to manufacture a carbon plate of a complicate shape, for 

75 example, an electrode substrate provided with ribs for forming flow passages of reactant gases. 

Further, as a process for producing the porous carbon electrode substrate for a fuel cell, there has also 
been known such a process of forming a precursor sheet from a mixture composed mainly of cellulose 
fibers, carbonizable thermosetting resins and refined carbon particles by a paper making process, caribonlz- 
ing the sheet by primary calcination and, further, calcining the carbonized product at a high temperature to 

20 graphitize carix>n thereby preparing a cartxsn-graphite composition having a desired fine pore diameter 
(refer, for example, to US. Patent No. 4,738,872). 

However, since it is necessary to fonm the precursor sheet by the paper making process also in the 
above-mentioned process, there are still drawbacks that it is difficult to prepare a product of an optional 
shape, for example, as a ribbed electrode substrate and that it is difficult to increase the thickness of the 

25 resultant electrode substrate. 

The present inventors have previously Invented a process for producing a porous carbon electrode 
substrate without the paper making process as described above (refer to U.S. Patent No. 4,506,028). That 
is, the invented process comprises steps of press-molding a mixture comprising carbon fibers, a car- 
bc^izable binder and a pore regulator (a pore fomning agent) and calcining and carlDonlzing the resultant 

30 molded material. 

This process makes it possible to prepare a desired shape, for example, a ribbed electrode substrate. 

However, since the product obtained by such a process has not always t>een satisfactory in view of 
electric conductivity and thermal conductivity, a further study has been made subsequently by varying the 
blending ratio for the three kinds of starting materials as described above. However, it has been found 
3$ difficult to further increase electric and thermal conductivities without deteriorating the sharp distribution of 
pore diameters and gas permeability of the product 

Tlien, the present inventors have made a further study to improve the process as described in U.S. 
Patent No. 4,508.028 and. as a result, have found that a porous caribon electrode substrate having sharp 
distribution of pore diameters and sufficient gas permeability, as well as remarkably excellent electric and 
40 thermal conductivities can be obtained by furtfier mixing fine coke particles of a high purity with a mixture 
comprising the carbon fibers. carfcx3nizable binder and pore regulator, molding the resultant mixture and 
then calcining and cartx)nizing the molded material, and thus, the present invention was accomplished 
based on this finding. 

Although detailed mechanism of attaining such a remarkable improvement in electric and thennnai 
45 conductivities has not yet been clear, it is generally presumed as below. 

(1) Since carbon derived from the binder such as a phenol resin is difficult to be graphitlzed by 
nature, even if the molded material thereof is calcined at 2000*0. electric conductivity and thenmal 
conductivity of the product are not suffidentiy improved. However, according to the process of the present 
invention, carbon derived from the binder and newly added coke particles are integrated to form a carbon 

so skeleton of the product, and 

(2) Since coke. particles showing no thermal deformation upon molding are added, short carbon fibers 
used as tiie otiier cartx>n filler are oriented more Irregulariy in a three dimensional space as compared with 
a c nv ntionai product to which such coke particles are not added. 

Accordingly, the present invention provides a porous carbon electrode substrate for a fuel cell, which 
has (1) a porosity of from 50 to 80%. (2) a pore distribution rale of not less than 70%, where the pore 
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distribution rate is the proportion (%) of the pore volume attributable to pores having a diameter of from 15 
to 60 urn relative to the total pore volume when the pore volume is measured by a mercury porosimeter,- (3) 
a specific gas permeability of from 40 to 500 ml/cm.hr.mmAq, (4) a volume resistivity of not greater than 20 
mO cm and (5) a thermal conductivity of not less than a37kJ/m.hr/ C (2 kcal/m-hr/ C). 

5 The invention provides also a process for producing such an electrode sutetrate, which process 
comprises (1) mixing from 5 to 20% by weight of short carbon fit>ers having an averag diameter of from 5 
to 20 urn and a length of from 0.005 to 2.5 mm. from 15 to 30% by weight of coke particles having an 
average particle diameter of from 8 to 50 um and a carbon content of not less tiian 97% by weight, from 20 
to 40% by weight of a binder having a carbonizing yield of from 40 to 70% by weight upon calcination at 

10 900 *C and from 30 to 60% by weight of a pore fonming agent having a cartx)nizing yield of not greater 
than 10% by weight upon caldnation at 900* C. (ii) press-molding the resultant mixture under heating, and 
(iii) thereafter, calcining and carbonizing the molded material in an inert atmosphere and/or under a reduced 
pressure at a temperature of from 800 to 3000* C 

A porous carbon electrode substrate for a fuel cell can tiierefore be obtained which Is of low cost, high 

16 quality, in particular high electric conductivity and tiiermal conductivity, and has a sharp distribution of pore 
diameters and excellent gas permeability. 

The present invention concerns a process for producing a porous carbon electrode substrate for a fuel 
cell, by mixing short carbon fibers, coke particles, a binder and a pore forming agent, molding the mixture, 
and calcining and cartDonizing the molded material and, further, concerns tiie porous carbon electrode 

20 substate possessing excellent resistance to chemicals, strength, electric conductivity, thermal conductivity, 
uniform pore size distribution and gas permeability, obtained by the process as mentioned above. 
The constituent factors in the present invention will be explained more specifically. 
The carbon fitters used in the present Invention are short fibers having an average diameter of 5 to 20 
um and a length of 0.005 to 2.5 mm and prepared, for example, from petroleum-derived pitch, coal-derived 

25 pitch, polyacrylonitrile or rayon. 

If the fiber length exceeds 2.5 mm, the fibers are entangled with each otiier Into a pill-like shape in the 
step upto the molding and as a result, desired porosity and pore size distribution are not obtained. On the 
contrary, if the fiber lengtii is below 0.005 mm, required strength can not be obtained. 

The linear contraction rate of the carbon fibers when they are calcined at 2000* C Is preferably witiiin a 

30 range from 0.1 to 3.0%. If the linear contraction rate is excessive, there is a fear that cracks may possibly 
be generated In the product during calcination of the molded material.- Accordingly. It Is possible to produce 
a large-sized electrode substrate when carbon fibers having the linear contraction rate within the above- 
mentioned range are used. 

The average diameter of tfie carbon fibers is a number average value of diameters of 50 fibers 

35 measured by a microscope, and the fiber length of tiie carbon fibers is determined by actually measuring 
the fiber length on a mlaoscopic photograph of the carbon fibers (of a predetemilned magnifying ratio) and 
then correcting the value of length by the magnifying ratio. The method of measuring the linear contraction 
rate of tiie carbon fibers Is as described below. 

That is. a bundle of fibers are. heated at a temperature raiang rate of 750* C/hr in an inert atmosphere 

40 upto 2000 *C. maintaned at the temperature for 30 min and spontaneously cooled. Then tiie contraction 
rate is calculated by measuring the length of the fiber bundle before and after heating. 

Further, tiie amount of the short cartjon fibers used is from 5 to 20% by weight based on the total 
amount of the mixture of starting materials. 

Then, it is necessary that the coke particles used in tiie present invention are pulverized to an average 

45 particle diameter of 8 to 50 um, preferably, 8 to 40 am when measured by an apparatus for measuring 
particle size distribution by centrifugal sedimentation method and have a carbon content in the constituent 
elements of not less than 97% by weight when measured by an element analyzer. An average particle 
diameter in excess of 50 um Is not preferred since tiie mechanical strength of the resultant product is 
■ lowered below the strength required for the electrode substrate for tiie fuel cell, in particular, below the 

50 * lower limit of the bending strength (70 kgf/cm^). On the contrary, tiie average particle diameter below 8 um 
is not preferred since the specific gas pemneability of product is decreased below the lower limit (40 
ml/cm.hr.mmAq) of specific gas permeability required for the electrode substrate for tiie fuel cell due to 
densrfication of tiie resultant product. Further, the carbon content in the constituent elements of not greater 
than 97% by weight is not desired since the volume resistivity and thermal conductivity of the product are 

55 remaricably deteriorated by the increase of content of impurities such as ash and tiie others. The true 
specific gravity of tiie coke particles capable of satisfying such a cartjon content is, preferably, from 1.95 to 
2.15 g/cm^. 

As the raw material for tiie coke particles used in ttie present invention, tiiere can be m ntioned (A) 
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petroleum-derived calcined coke obtained by (1) preparing petroleum raw coke by subjecting a h avy 
residue formed by distillation in petroleum refining process to heat treatment at about 500* C and (2) then 
further calcining the raw coke at 1200 - 1400* C, or (B) pitch coke which Is coal derived calcined coke of 
low ash content obtained by calcining coal tar pitch at 1200 - 1400* C. 
5 In the present Invention, the above-mentioned coke particles are added by 15 to 30% by weight to the 
starting material composition. If the addition rate is less than 15% by weight, desired electric and themnai 
conductivities can not be obtained in the product On the contrary, if the addition rate exceeds 30% by 
weight, desired porosity, pore diameter distribution and specific gas penmeabtlity can not be obtained in the 
product 

10 Further, a ratio of the weight of the coke particles to the weight of the above carbon fibers used as the 
starting material is preferably from 1.0 to 3.0. 

Refening to the binder used in the present invention, it is necessary that it has a carfc)onizing yield of 40 
to 70% by weight so tiiat it can serve as a carbonaceous binder bonding the carbon fibers to tiie coke 
particles after cart)onization and desired porosity is obtained in the product. As the binder for such a 
75 purpose, there can be mentioned phenol resin, coal-derived and/or petroleum-derived pitch, furfuryl alcohol 
resin or mixture of two or more thereof. 

In particular, a phenol resin alone or a mixture of the phenol resin and powdery pitch is most prefenred 
upon dry mixing of the starting materials, and the resultant electrode substrate is excellent in properties. 
The method of measuring the carbonizing yield is according to JIS M 8812-1963. The carbonizing yield 
20 of the binder obtained by tills method is, for example, as shown below, with no particular restriction onto 
this value. 
Phenol resin: 56% 

Mixture of 35% by weight of pitch and 65% by weight of phenol resin: 67% 

The mixing ratio of the binder as tiie starting material is 20 to 40% by weight If it is less than 20% by 
25 weight the strength of the resultant electrode substrate is poor since tiie amount Is insufficient as the 
binder. Furtiier, if the mixing ratio exceeds 40% by weight desired pore dismeters and porosity can not be 
obtained. 

Then, it is necessary that the pore forming agent used in the present invention has a carbonizing yield 
of not greater tiian 10% by weight upon calcination at 900* C. Furtiier. it is preferred that the pore forming 
30 agent is a granular organic thermoplastic polymer which contains granules having a diameter of 30 to 300 
um In an amount of more than 70% by weight based on the total amount of the granules when measured 
by the apparatus for measuring particle size distribution by centrifugal sedimentation method and which is 
neither melted nor evaporated by heating upto 100* C. That is. the polymer is allowed to deform but should 
not evaporate or melt-flow at a molding temperature and under a molding pressure. With tiie reasons as 
35 described above, preferred granular organic polymer is. for example, polyvinyl alcohol, polyvinyl chloride, 
polyethylene, polypropylene, polymetiiylmethacrylate and polystyrene. 

If the carbonizing yield of tine pore fonming agent exceeds 10%, control of the porosity and pore 
diameter of the product becomes difficult 

The method for measuring the cartwnizing yield of pore forming agent is according to JIS M 8812-1963 
40 and is the same as that of tiie binder. Examples of the cartx)nizing yield for each of the granular polymers 
as measured by this measuring method are shown t)elow. 

However, tiie values for the carbonizing yield are not always restricted to such values. 

(1) Polyvinyl alcohol 0.9% 

(2) Polypropylene 0.8% 

45 (3) Polyvinyl chloride 5.6% 

(4) Polyethylene 0.1% 
(5> Polystyrene 1.0% 
(6) Polymethylmethacrylate 0.8% 
The addition rate of the pore forming agent Is selected within a range of 30 to 60% by weight 
50 depending on the desired porosity arui pore diameter of the electrode substrate. If the addition rate is below 
30% by weight or in excess of 60% by weight desired porosity, pore diameter and distribution ratio tiiereof 
can not be obtained. Furtiier, the addition rate in excess of 60% by weight is not prefen-ed since the 
str ngth is lowered. 

A process for producing a porous cart>on electrode substrate for a fuel cell according to tiie present 
55 inv ntion will be concretely explained below. 

Short carbon fibers having an average diameter of 5 to 20 um each cut to a lengtii of 0.005 to 2.5 mm, 
coke particles pulverized to an av rage particle diameter of 8 to 50 um. a binder and a pore forming agent 
are placed each in a predetermined amount into a mixing device and mixed under stirring until they are 
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uniformly mixed. 

In this case, there Is a fear that the temperature of mix d materials is raised due to the friction heat 
therebetween and the binder is hardened. So. it is preferred that the mixing is conducted at a temperature 
not higher than 60* C. 

5 The mixing apparatus is, usually, an ordinary blender provided with a blade. 

The thus obtained unifonnn mixture is press-molded by means of a metal mold j>ress or a continuous 
press using a roller, etc. at a temperature and under a pressure appropriately set in accordance with the 
desired size, thickness and shape of electrode substrate. The molding is conducted in accordance with the 
desired shape of the electrode substrate such as a usual plate-lilce shape, or a plate-like shape having ribs 

10 forming flow passages of reactant gases. 

The excessive lowering of the molding temperature is not prefenred in view of productivity because it 
takes a long time for the hardening of the binder. Further, If the mokiing pressure is excessively low, there 
are formed portions which are incompletely bonded with the binder and which generate layered cracks in 
the molded product Accordingly, It is prefenred that the molding temperature, the molding pressure and the 

IS molding time upon press molding or roll molding are 80 to 180* C, 1 to 100 kgf/cm^G and 1 to 60 min.. 
respectively. 

Further, after the molding, the molded material is usually post-cured. The post-cure is canied out, 
preferably, at a temperature of 80 to 180* C and under a pressure of 0.1 to 1 kgt^cm^G for 30 min. to 10 
hours. 

20 After the completion of the post-cure, the molded material is preferably interposed between graphite 
plates under pressure, and then cateined and cart^onized in a furnace in an inert atmosphere and/or a 
redu.ced pressure at a temperature of ^ to 8000 'C. to obtain a desired electrode substrate. The thus 
obtained electrode substrate of the present invention has: 
(1) a porosity of 50 to 80%, 

25 (2) a pore distribution rate of not less than 70%. where the pore distribution rate is the rate (%) of the 

pore volume of pores having a diameter of 15 to 60 u.m to the total pore volume when the pore volume is 
measured by a mercury porosimeter, 

(3) a specific gas permeability of 40 to 500 mi/cm.hr.mmAq, 

(4) a volume resistivity of not greater than 20 mQ.cm, and 
30 (5) a thermal conductivity of not less than 2 kcai/m.hr. * C. 

Since the electrode substrate according to the present invention has extremely excellent physical 
properties as described above and usually has a bending strength of practically sufficient value such as not 
less than 70 kgf/cnr^^. it is suitably used for a fuel cell. 

The properties of the electrode substrate are measured by the following methods. 

35 Specific gas permeability: 

While passing an air through an electrode substrate having gas permeation section area S(cm2) and 
thickness t(cm) from one face of the electrode substrate to the another face thereof at a constant flow rate 
Q(ml/hr), the' differential pressure of air AP(mmAq) between the both faces is measured, and the specific 
gas pemneability is calculated from the following equation; 

40 Specific gas permeability (ml/cm .hr.mmAq)= Q.t/S.AP 
Porosity: 

According to JIS R 7212 - 1979 

Volume resistivity: 

According to SRIS 2301 - 1969 
45 Thermal conductivity: 

According to JIS A 1413 - 1977 

Bending strength: 

According to JIS K 691 1 - 1979 

The first feature of me process according to the present Invention resides in that products ranging from 
50 small-sized products to large-sized products, for example, of 1000 mm Oength) x 1000 mm (width) x 3 mm 

(thickness) and further a ribbed product can be produced easily and continuously. Such a feature can not 

be realized in the conventional process using organic fibers and pulp for producing a porous carbon plate. 
Further, the second feature of the process according to the present invention resides in that the 

production cost of product can be remaricably reduced by using inexpensive coke as the starting material. 
55 Further, the third f ature of the process according to the present inv ntion resides in that the resultant 

carbon electrode substrate has a low volume resistivity such as not greater than 20 mO.cm and high 

thenna! conductivity such as not less than 2 kcal/m.hr.*C. For instance, the electrode substrate according 

to the present invention is much more excellent in volume resistivity as compared with the electrode 
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substrate obtained by the process disclosed in U.S. Patent No. 4,506,028 and further, also more excellent in 
thermal conductivity as compared with the electrode substrate disclosed in U.S. Patent No. 4.738,872. That 
is, the volume resistivity of the fonmer Is 21 - 35 mO.cm (2.1 - 3.5 x 10-2Q.cm) and the thennal conductivity 
of the latter is 1 .5 kcal/m.hr' C (1 .0 BTU/hr.foot. ' F). 

5 Accordingly, since the fuel cell using the electrode substrate of particularly high thermal conductivity 
obtained by the present invention can render an average operation temperature higher, it is possible to 
obtain a higher electric potential, for example, an electric potential higher by 1.5 mV/*C. Further, in the 
case of stacking fuel cell units each using the electrode sut>strate of such a high tiiermal conductivity. It Is 
possible to reduce the intercooler number in the cell stack. 

TO The present invention will be explained below refening to examples, but it should be understood tiiat 
the present invention is not restricted only to tiiese examples. 



Example 1 
'5 " 

6.2% by weight of pitch-derived short cart)on fibers having an average diameter of 16 um ami a length 
of 0.016 to 2 mm, 19.6% by weight of calcined pitch coke (99.1% in carbon content) which entirely passed 
through a JIS standard sieve of 0.074 mm in sieve opening and was pulverized so as to have an average 
particle diameter of 34 um when measured by an apparatus for measuring particle size distribution by 
20 centrifugal sedimentation method, 20.8% by weight of a powdery phenol resin as a binder, and 29.7% by 
weight of polyvinyl ateohol. 2.9% by weight of polyetiiylene and 20.8% by weight of polymetfiyl- 
methacrylate as a pore forming agent were unifonmly mixed in a blade type mixer, the resultant mixture was 
supplied to a metal mold and molded under tiie conditions of molding temperature of 140* C, molding 
pressure of 15 kgf/cm^G and molding retention time of 20 min., and tiie resultant molded material was post- 
25 cured and then cateined and carfcwnized at 2000* C in a vacuum furnace. 

The size of the tiius obtained electrode sut)strate was 200 mm in lengtii, 200 mm in width and 1.8 mm 
in thickness. 

The property and tiie biending ratio of the coke used in tills example and physical properties of tiie 
resultant product are shown in Table-1. 

30 

Comparative Example 1 

An electrode substrate was produced by the same procedures as in Example 1 except for using tiie 
35 short carbon tibers described above instead of tiie coke particles. 

That is, Table-1 shows tiie physical property of the resultant product obtained by using 25.8% by 
weight of the short carit)on fibers conresponding to the total amount of the short carbon fibers (6.2% by 
weight) and coke particles (19.6% by weight) in Example 1. 

As apparent from Tabte-1 , the product obtained without using the coke was remarkably poor in both 
40 volume resistivity and thermal conductivity as compared with the product according to the present 
invention. 



Comparative Example 2 

45 

An electrode sut>strate was produced by tiie same procedures as in Example 1 except for using 
petroleum raw coke with less cartxin content (yielded in Burma, cart)on content 94.8%) instead of tiie 
calcined coke (carbon content 99.1 %). 

Table-1 shows physical properties of tiie resultant product 
50 As apparent from Table-1, the product using ttie raw coke witii less carbon content as the starting 
material was remarkably poor in both volume resistivity and bending strengtii as compared witii tiie product 
according to tfie present invention. 

55 Example 2 and Comparative Examples 3 and 4 

Three types of electr de substrates were produced by the same procedures as in Example 1 except for 
using three types of calcined cokes having different average particle diameter (obtained by pulverizing 
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5 



calcined pitch coke of 99.1% in carbon content used in Example 1). instead of coke used in Example 1. 



Example 2: 

Calcined coke having an average particle diameter of 22 urn (entirely passing through a JIS standard 
sieve of 0.074 mm in sieve opening) was used. 



TO Comparative Example 3: 

Calcined coke having an average particle diameter of 52 lim (entirely passing through a JIS standard 
sieve of 0.074 mm in sieve opening) was used. 



IS 



Comparative Example 4: 



Cateined coke having an average particle diameter of 7 um (entirely passing through a JIS standard 
sieve of 0.044 mm in sieve opening) was used. 

20 Table-1 shows the physical properties of the resultant products. 

As apparent from Table-1, the product obtained in Example 2 according to the present invention Is 
much more excellent In volume resistivity and bending strength as compared with the product of 
Comparative Example 3 and it showed no drawback that the specific gas penmeability is too small as the 
electrode substrate for a fuel cell, as seen in the product of Comparative Example 4. 

26 Further, the product according to the present invention had the porosity of 69%, the pore distribution 
rate of 82% and the thermal conductivity of 3.1 kcal/m.hr/ C. where the pore distribution rate is the rate (%) 
of the pore volume of pores having a pore diameter of 15 to 60 urn to the total pore volume when the pore 
volume is measured by a mercury porosimeter. 
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Claims 

5 

1. A porous carbon lectrode substrate for a fuel cell, which has (1) a porosity of from 50 to 80%. (2) a 
pore distribution rate of not less than 70%, where the pore distribution rate is the proportion (%) of the pore 
volume attributable to pores having a diameter of from 15 to 60 urn relative to the total pore volume when 
the pore volume is measured by a mercury porosimeter, (3) a specific gas permeability of from 40 to 500 

10 ml/cm.hr.mmAq. (4) a volume resistivity of not greater than 20 mD cm and (5) a thermal conductivity of not 
less than 8.37 KJ/m.hr. * C (2 kcal/m.hr. * C). 

2. A process for producing a porous carbon electrode substrate as defined in claim 1 , which process 
comprises p) mixing from 5 to 20% by weight of short carbon fibers having an average diameter of from 5 
to 20 urn and a length of from 0.005 to 2.5 mm, from 15 to 30% by weight of coke particles having an 

15 average particle diameter of from 8 to 50 um and a carbon content of not less than 97% by weight, from 20 
to 40% by weight of a binder having a carbonizing yield of from 40 to 70% by weight upon calcination at 
900* C and from 30 to 60% by weight of a pore forming agent having a carbonizing yield of not greater 
than 10% by weight upon calcination at 900 *C, (ii) press-molding the resultant mixture under healing, and 
(iii) thereafter, calcining and carbonizing the molded material In an inert atmosphere and/or under a reduced 

20 pressure at a temperature of from 800 to 3000 * C. 

3. A process according to claim 2. wherein the coke has a taie specific gravity of from 1.95 to 2.15 
g/cm^. 

4. A process according to claim 2 or 3, wherein the pore forming agent is a granular organic 
thermoplastic polymer which contains granules having a diameter of from 30 to 300 um in an amount of not 

25 less than 70% by weight based on the total amount of the granules when measured by an apparatus for 
measuring, particle size distribution by the centrifugal sedimentation method and which Is neither melted 
nor evaporated under heating up to 100* C, 

5. A process according to claim 4. wherein the granular organic thermoplastic polymer is selected from 
polyvinyl alcohol, polyvinyl chloride, polyethylene, polypropylene, polymethylmethacrylate and polystyrene 

30 or a mixture of two or more thereof. 

6. A process according to any one of claims 2 to 5 wherein the binder is selected from a phenol resin, 
petroleum-derived and/or coal-derived pitch and furfuryl alcohol resin or a mixture of two or more thereof. 

7. A process according to any one of claims 2 to 6. wherein the ratio of the weight of the coke to the 
weight of the short carbon fibers is from 1 .0 to 3.0. 

35 8. A process according to any one of claims 2 to 7. wherein the linear contraction rate of the short 
carbon fibers upon cateination at 2000* C is from 0.1 to 3.0%. 

9. A process according to any one of claims 2 to 8, wherein the coke is petroleum-derived or coal- 
derived cak:ined coke. 

10. A fuel cell in which the electrode substrate is an electrode substrate as defined in claim 1 or which 
4o has been prepared by a process as claimed in any one of claims 2 to 9. 
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